To tackle climate change, pollution and dwindling resources, we need to rethink our urban environment by identifying the most suitable morphological structures, with an optimized local (cradle-to-cradle) approach to energy and resources; towards economic feasibility and improved environmental quality.
cities is hugely unexploited IEA [1] . Block and neighborhood design play a substantial role in controlling urban energy demand and energy production through adaptation to local climatic conditions and identification of the most suitable morpho-typological structures (Ratti et al. [3] ). A coherent organization of the city and its parts can significantly contribute in energy savings (Jenks and Burton [4] ), in terms of energy used for the production of goods and services, car-trip reduction through the study of an efficient network of public transport, cutback of energy demand for climate control, decrease of local energy peaks thanks to functional mix.
Our cities need to achieve integration between urban and energy design, with a cycle approach to energy (consumption and production) and materials, optimizing local resources towards economic feasibility and environmental quality (Droege [5] ).
Urban morphology in an energy perspective
Urban history has been influenced by the availability of resources within the cities' spheres of influence. From an evolutionary perspective, these relationships showed a correlation between energy systems and urban morphology. Complex social and economic systems emerged through the control and storage of increasing energy flows (Basalla [6] and Smil [7] ). Prior to oilbased energy production, urban energy sources were primarily based on solar energy embodied in biomass and the work done by humans and animals; wind and water power to a lesser extent. Perlin [8] describes the historic relationship between urban grown, economic development and biomass exploitation thus: "Ancient writers observed that forests always recede as civilizations develop and grow […] conversely, when a society declines, forests tend to regenerate".
Coal, and later oil, removed the limits to growth (number and size) of urban centers allowing for the development of the "oil city model" (De Pascali [9] ) where access to energy and food were no longer restraints to growth. Since then, inexpensive energy has permitted the radical loosening of urban compactness and functional mix toward dispersed and highly specialized organizations (Burchell and Listokin [10] ).
The design of urban areas without regard to local conditions and energy availability, which were originally seen as freedom of choice and development, need to be rethought in the face of peak oil and climate changes. As we have moved from a concentrated use of scattered energy resources (biomass, wind, water, animal/human) to a scattered use of concentrated resources (fossil), our next step is to again adapt our urban environments to the local conditions, combining urban form with available renewable energies, thus creating global cities based on local resources.
Generally, when considering historical cities, it was usually the vernacular architecture rather than the morphology that responded to local climatic and geomorphological conditions. Many of the energy conserving strategies have been in use for centuries; we merely need to update them. Passive technology should be explored before recommending high-tech solutions.
Energy savings from counteracting the heat island effect can be substantial. The value of urban trees should not be underestimated. A 3-year study of the energy aspect of trees in Chicago showed that they contributed significantly to the removal of air pollutants, the sequestration of carbon. Increasing tree cover by 10% would lead to moderated temperatures, wind speeds, and a 5-10% decrease in heating and cooling cost; in turn reducing power plant emissions.
(MacPherson et al. [11] ).
In southern climates specifically, low albedo building finishes are crucial to decreasing the heat island effect. This could be extended to the road surfaces as well, substituting permeable surfaces for asphalt to the greatest extent possible, especially in large parking areas. Scheme of the heat island effect profile according with urban morphology; the temperatures shown refer to a late summer afternoon EPA [12] modified from Voogt [13] .
The siting, spacing and building shape greatly influence the amount of potential solar gain. Depending on the environment, these strategies can be used for optimizing or minimizing the availability of direct sunlight. The solar photovoltaic panels on the roofs should be aligned with the optimal position of the sun, regardless of the orientation of the building. Light shelves and solar tubes could distribute available sunlight into the centre of the buildings.
In an Italian study of morphology, travel modes and environmental impact (Camagni et al. [14] ) it was shown that "wisely compact", mixed use, polycentric urban morphology was the most efficient in determining optimal transportation choices as it pertained to transportation related energy use. A New Zealand study from Krumdieck et al. [15] , regarding post-peak oil scenarios suggests that travel will be incrementally prioritized and those living in concentrated activity areas with transit linked integrated mixed use cities would be less affected by decreasing fossil fuel availability.
Wind power in the urban context has been debated. Clearly this strategy is dependent on local factors and testing for optimal orientation and design. With increasing dependence on alternative power sources, costs for this technology should drop significantly to make urban-based wind power generation a viable option (Grant et al. [16] ).
In North America, considering the embedded energy savings in the use of local materials during construction is underestimated. It's a widely accepted practice in much of the rest of the world to utilize the aggregates that are excavated during the initial stages of construction, also using the soils carefully mixed with binders as a construction material. EU policies enable maximal reuse of demolition material. While aiming for true cradle-to-cradle efficiency approaching 100%, several countries have achieved recycling rates of over 60%, looking for an EU target of 70% by 2020 (FIR [17] ).
The energy transect
As most of urban planning and design goals are interrelated today, due to a number of converging crises within urban development, issues of reduced car use, energy efficiency, increased density, and mixed-use development become pertinent (Farr [18] and Haas [19] ). When we start to focus on dividing the land into separate uses, we are not just confronted with issues of numerous categories and divisions but also of an old fashioned view of the urban landscape. On the other hand, if we focus on the complexity of our environment, the systemic structure and the overall form and identity that we would like to have for our land and cities, we can start to use methods and classifications that are more flexible but that also understand the complexity providing our citizens, planners and developers the flexibility to create special and more livable places. The Transect categorization, evaluation and assessment system for design is really a model -an empowering tool for communities to create and maintain sustainable places (Emerson [20] , Low [21] , and Thadani [22] ). The Transect uses descriptive but also a system of land use in order the manmade environment into a sequence of human habitats that flow from rural to urban zones, creating immersive environments (Coyle [23] ). Each of these human habitats has a specific character with unique attributes and inhabitants, yet is also part of a network of other habitats that form a sustainable, cohesive system spatially, environmentally, traffic and energy wise. In general, the Transect uses the following six zones, each of which can be adapted to local goals and character: 1) Rural Preserve, 2) Rural Reserve, 3) Sub-Urban, 4) General Urban, 5) Urban Centre, and 6) Urban Core (Duany [24] and Thadani [22] ). Each of these zones addresses critical planning elements such as land use, roads, infrastructure, development, open space, energy, wastewater, and vegetation (Duany [24] , Duany and Talen [25] , Bohl and Plater-Zyberk [26] ).
Whether working on a new development or existing urban patterns, interconnected design aspects need to be considered. The transect diagram can be a useful device for explaining the intertwined components of coherent urban patterns in the transformation towards the new realm of the renewable city.
Our investigation of the role of energy in urban morphology analyzed the components at the smallest scale; the typologies. The heat energy performances of buildings are related to form/dimension and age. The first parameter, which embodies concepts of compactness and complexity of the building form surrounding environment. The second parameter shows the role of materials, technology and energy regulations towards improving energy performances. Table 1 shows the data from sample buildings in a medium sized north European city transect. As the data shows, both form (typology) and materials (technology) have a clear influence on heat energy reduction. Although technologies play an important part, the form effect is still clearly readable, with detached houses consuming twice the resources compared to towers or courtyard buildings. Identifying the role played by age, technology and building form constitutes only the starting point of the design and analysis of a renewable city. To describe the relations between different urban morphologies and their energy and environmental performances -and thus the interactions between buildings, open spaces and the urban grid, we have juxtaposed five major analysis issues to the transect.
The new "Energy Transect" is a forward-looking design tool for the development of a sustainable and systemic environmental vision for cities, towns and regions. The five areas of interest -morphology, land use, mobility, urban natural areas and block energy characteristics -define a first set of tools for reading the connections between urban morphologies and their main impacts on energy. The different transect morphologies or cells are the units for analysis, which allow a constant overview of the existing relationships, as well as guide the design process. The use of these cells increases the understanding and controls the interactions between them, both on a local and global scale. (Olgyay [27] ), describes the heat exchange relations between a structure and the Five urban patterns are analyzed here: city core, dense city, modernist 1980's-2000's, special districts and suburban areas. Each of them represents not only a different stage of the city's evolution, but also relations and drawbacks with the energy and environmental aspects, embodied in the morphologies and the concepts that generated them.
The first area of analysis, morphology, is conceived as a traditional Transect, highlighting the main conceptual characteristics of the urban patterns, as well as the section of them, and identifying the relations between buildings, open spaces, and greenery (Figure 2 ).
Figure 2:
Different morphologies along the transect, from the dense city to the scattered suburban developments.
Land use (Figure 3 ) describes the complexity of the different patterns in terms of mix and spatial distribution of functions, which have an important role in controlling the energy peaks and improving the feasibility for distributed energy resources (Holden and Norland [28] ), as well as supporting a sound social life and activities (ESCTC [29] ). These schemes highlight the complexity of the distribution patterns and ease the comparison between different systems. Moreover, the land cover is included, highlighting built density and footprint, responsible -among others drawbacks -for the heat island effect (Oke [30] ), and run off phenomena (Fiumi and Rossi [31] ). Visualization of the land use mix and land cover of the different morphologies. Figure 4 shows the proportion of the different transportation modes. The dense city core of European cities is generally characterized by high walkability and public transport, while cars are often kept away to improve quality of life and public spaces, and to control pollution. On the contrary, suburban areas have difficulties supporting walkability and public transport, due to the disperse pattern and the predominant mono-functionality (Newman and Kenworthy [32] ). Though morphology influences the transport modal choices, income and family characteristics have a strong effect in the share of different means, which need to be included to produce effective car usage reduction policies (Dieleman et al. [33] ). The transport modal split can be analyzed for each morphology, evaluating the sustainability of the different morphologies.
The role of green in improving energy performances of urban settlements, decreasing pollution and enhancing quality of life, is described in the three main parameters that constitute urban natural areas ( Figure 5 ). By using different schemes it is possible to simultaneously describe different parameters that influence both energy performance and environmental quality of urban areas. Analyses of the characteristics of urban natural areas in terms of connectivity, size and quality.
In identifying compactness, extension and quality of urban natural areas in relation with morphology, it is possible to set a clear framework for actions that maximize the benefits of an interconnected net of green areas. Trees and gardens, as well as green roofs, contribute to reduce the summer heat (thus reducing the need of cooling) by controlling the microclimate (Arnfield [34] , Akbari et al. [35] ), protect from winds (Givoni [36] ), reduce the air pollutants (Ratti et al. [37] ), and prevent run-off effects and floods (Girling and Kellett [38] ).
The block energy characteristics are strongly related with the specific evolution of the cities, and depend both on the urban grid and the adopted retrofitting policies. The values represent the average condition of European cities, with the historical centers characterized by older buildings, a general scarcity of solar radiation and a predominance of compact built form ( Figure 6 ). Age, solar radiance level, and typology mix of the different urban morphologies can greatly influence the energetic performances.
Conclusions: use and innovation in the planning and design of cities
Understanding the energy characteristics of urban areas through the transect contributes to the value of Sustainable Urbanism, which can then be viewed as a new and emerging framework for interdisciplinary urban planning, design, and management of cities, neighborhoods, and urban blocks by focusing on the processes that shape the form and function of the built environment in its full complexity (Farr [18] ). The synergy of multi-modal transportation, sustainable economics, ecology and natural resource management, socio-cultural aspects, and physical-urban form become crucial for creating livable cities and communities of place that, together with their hinterlands, produce sustainable metropolitan-regional cities (Haas [19] ).
Increasing density decreases the need for Greenfield development and encourages infill and Brownfield development, thus preserving natural areas and biodiversity.
More than the size, the internal organization and management of a city -and the connections with its region -are key elements for providing the necessary environmental and socio-economical conditions (Nijkamp and Perrels [39] ) which support urban services and functions (Hardoy et al. [40] ).
In table 1 we showed the importance of the form factor. If we add the design of well connected urban grids, this implies that single high energy efficiency building located in an inefficient grid, does not exploit its potentials: while living in a performing building at a distance from a dense interconnected district, we might need more energy to reach services, travel, as well as embedded infrastructure energy.
The value of using Transect becomes even more important in that respect as the keys of sustainable urbanism have to do with the neighborhood, the edge and center, biophilia, high performance buildings and infrastructure, walkability, LEED certifications, form based codes and light imprints, etc. (Farr [18] , Duany, et al. [41] ). The Energy Transect becomes the foundation for defining density and human access to nature as well as design and energy saving schemes, leading new parameters to overlay with the city morphology (Troglio et al. [42] ). Using the transect methodology requires calibration to local character and context as well as to the needs of each area in terms of energy, traffic, and other infrastructures (Coyle [23] ). The transect diagram, aside from the explanatory value and practical utility, is a useful device for explaining the components of coherent urban patterns and improving their energy performances (Duany [24] , Bohl and Plater-Zyberk [26] ).
We need thus to refer to densification and compact cities as elements that support energy reduction, but we need to cope with cost and feasibility of modifying all the cities towards (Frey [43] ), and the intrinsic long time of this transformation (Saglie [44] ).
